To evaluate the association between chronic illness with complexity (CIC) and optimal glycemic control.
INTRODUCTION
Controlling glycemia is critical to reducing the risk of costly and disabling complications associated with both type 1 and type 2 diabetes.
1,2 A measure of "poor glycemic control," defined as glycosylated hemoglobin A1c (HbA1c) level greater than 9.0%, is recommended as a performance measure because it represents "poor control" for all patients, including those with chronic illnesses with complexity (CIC). 3-6 "Optimal glycemic control," HbA1c target values of less than 7%, has been used to guide quality improvement efforts only within plans and practices because differences in patient case mix, including prevalence of CIC among plans, cannot be adequately addressed by current case mix adjustment methods. Recently, however, HbA1c <7% for all persons 18-75 years old, without any appropriate risk adjustment or exclusion criteria, was adopted for public reporting of health plans. 4 Studies have examined the association between chronic comorbid conditions and glycemic control. The most common adjustment for physical comorbidity has been the Charlson Comorbidity Index. [7] [8] [9] [10] [11] Other measures include presence of diabetes-related complications [11] [12] [13] and simple count of comorbid conditions. 14 However, these measures may not adequately control for CIC that may influence glycemic control. Summary scores like the Charlson Comorbidity Index do not provide insight into comorbidities that may have varying associations with glycemic control. Therefore, the current paper uses an alternative and comprehensive classification of CIC based on theory and prior empirical research.
In the absence of a widely accepted conceptual framework for CIC, we used the recent conceptual model of comorbid chronic illness complexity in diabetes care by Piette and Kerr 15 as a starting point and operationalized CIC in the context of glycemic control. Our categories of CIC were designed to reflect overall similarity in pathophysiologic profiles, treatment plans, and self-management strategies in achieving glycemic control and the need to develop a reasonable summarization of CIC. We categorized CIC into three domains of complexity: (1) nondiabetes-related physical illness, (2) diabetes-related, and (3) mental illness and substance abuse conditions. Our primary objective in this manuscript is to evaluate associations between CIC categories and HbA1c<7% in Veterans Health Administration (VHA) clinic users with diabetes.
Macrovascular, microvascular complications, and metabolic decompensation formed the domain diabetes-related complexity because these tend to co-occur in patients with diabetes, increase cardiovascular morbidity, and treatment strategies are synergistic with contemporary standards of diabetes management. For example, macrovascular complications consisted of angina, myocardial infarction, congestive heart failure, arrhythmia, peripheral vascular disease, stroke, transient ischemic attack, and hypertension. For an individual with diabetes and a macrovascular complication, the treatment plans would continue to focus on intensive glycemic control in addition to reducing the elevated risk of cardiovascular complications.
Non-diabetes physical illness complexity domain included categories of cancer, musculoskeletal, gastrointestinal, pulmonary, and other diseases because of a lower degree of synergism in treatment plans and self-management strategies compared to the categories in the domain of diabetes-related complexity. For example, if an individual has diabetes and a musculoskeletal condition, the self-management of diabetes (e.g., exercise) may be compromised. In addition, we developed a hierarchy within this domain to reflect increasing complexity with diabetes management. In the presence of clinically dominant conditions (e.g., cancer), in the short-term, the focus may revolve around managing and treating cancer rather than diabetes. Similarly, if a person with diabetes had at least one disease in all three categories (musculoskeletal, gastrointestinal, pulmonary), addressing diabetes management becomes highly complex. Because of empirical evidence that mental illness and substance abuse conditions exert their own unique influence on diabetes outcomes and care, we considered mental illness and substance abuse in a separate domain of complexity. 16 In summary, our classification provides an alternative specification for CIC based on overall similarities in pathophysiologic profiles, treatment plans, and self-management strategies that may influence glycemic control. The primary objective of this paper is to analyze the association between various categories of CIC based on our conceptualization and optimal glycemic control in VHA users with diabetes.
METHODS

Data
Our data are from the Diabetes Epidemiologic Cohort (DepiC), a dataset of merged nationwide VHA inpatient and outpatient administrative files, pharmaceutical utilization, and laboratory data (the VA Healthcare Analysis and Information Group: VA-HAIG) and Medicare paid claims on nationwide veteran clinic users identified with diabetes. 17 For the current paper, we used the cohort identified with diabetes in fiscal year (FY) 1999 (prevalent and incident cases) and followed through FY2000. Medicare claims are used because prior research has demonstrated that using only VHA administrative data can underestimate the prevalence of chronic illness. 18 10, 19 and nonavailability of DepiC dataset with merged Medicare data beyond FY2000.
Study Population
The study population (N=95,423) consisted of VHA users diagnosed with diabetes during FY1999, aged less than 75 years as per standard practice, 4 and alive at the end of FY2000. We also required that individuals have HbA1c values in both FY1999 and FY2000 with at least 90 days interval between the final HbA1c in FY1999 and FY2000. 8 
Measures
Dependent Variable: Glycemic Control. The dependent variable of our analyses was glycemic control measured by the last measurement of HbA1c in the FY. For our primary analyses, we used HbA1c <7%. For our secondary analyses, we used HbA1c <8%. Both these thresholds were used because the definition of optimal glycemic control (HbA1c <7% or HbA1c <8%) remains a controversial policy issue. 20 For our primary longitudinal analysis, we included only those individuals with HbA1c ≥7% in FY1999 (N=64,156) because of our focus on the association between CIC categories and achieving optimal glycemic control given lack of optimal glycemic control during the baseline year.
Key Independent Variables-Chronic Illness with Complexity.
Nondiabetes physical illness complexity. Nondiabetes physical illness complexity was hierarchically evaluated using five categories of chronic illness based on International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM) codes 21 (see Table 5 in Appendix A). The presence of cancer was given priority, and we categorized gastrointestinal, musculoskeletal, pulmonary, and other diagnoses only among those without cancer. Thus, our final classification of nondiabetes physical illness complexity consisted of seven groups: (1) any cancer; (2) all three (gastrointestinal, musculoskeletal, pulmonary diagnoses); (3) any two; (4) only gastrointestinal; (5) only musculoskeletal; (6) only pulmonary; and (7) none of these nondiabetes physical illness categories.
Diabetes-related complexity. This was measured by the presence of microvascular (diabetic retinopathy, renal disease, ulcers, and lower extremity amputations), macrovascular (coronary artery disease, congestive heart failure, arrhythmia, cerebrovascular disease, and peripheral vascular disease), 22, 23 and metabolic decompensation (uncontrolled and short-term complications of diabetes) derived from ICD-9-CM codes. 24 Mental illness/substance abuse complexity. We used ICD-9-CM codes of 295-314 (other than substance abuse codes) to represent mental illness. Substance abuse consisted of drug use, alcohol use, and tobacco use. Individuals were grouped into four categories: (1) no substance abuse and no mental illness; (2) substance abuse only; (3) mental illness only; and (4) both mental illness and substance abuse.
Other Independent Variables. Other independent variables included age, gender, race/ethnicity, marital status, VHA priority group status, dual VHA/Medicare use, endocrinology care, and baseline severity of diabetes. Severity of diabetes was based on the patient's pharmaceutical treatment regimen (oral agents only, insulin only, insulin and oral agents, no agents) because the use of multiple oral agents or insulin is associated with increasing duration of the disease 25 . Diabetes medications, endocrinology care, and dual VHA/Medicare use were all assessed in the 120 days before the HbA1c tests in FY1999.
Longitudinal analysis included the presence of hospitalization during the period between the two HbA1c tests because hospitalization may interrupt normal management of diabetes and may have an impact on HbA1c control. We followed a similar taxonomy to our CIC categories, and based on significant findings, we finally grouped them into three categories: (1) no hospitalization; (2) macrovascular-related hospitalization; and (3) other.
In our study population, individuals were tested for HbA1c at different time points, which caused variation in time interval between the last test in FY1999 and the last test in FY2000. We adjusted for this varying number of months between the two HbA1c tests by including it as a covariate in our regressions.
Statistical Techniques
Chi-square tests were used to assess unadjusted associations between CIC categories and HbA1c <7%. Among all VHA users with diabetes (N=95,423), we used logistic regressions to investigate the effect of CIC on HbA1c in FY1999, controlling for other independent variables. Parameter estimates from logistic regressions were converted to odds ratios, and we also report the 95% confidence intervals (CI). To understand how CIC may influence longitudinal HbA1c outcomes, we evaluated the association between CIC and HbA1c <7% in FY2000 among only those who had HbA1c ≥7% in FY1999 (N=64,156).
Sensitivity analysis. To ensure that the relationship was robust across different HbA1c values, we tested the relationship between CIC and HbA1c < 8%, and these findings are summarized in Table 4 .
FINDINGS
The study population (N=95,423) was predominantly male (98%), white (68%), married (61%), enrolled in Medicare (60%), and younger than 65 years of age (59%; Table 1 ). A majority were enrolled in the VHA through a priority status that reflected having both no service connected disability and low income (52%). Nearly one third (29%) had severe diabetes based on the use of insulin in the 120 days before the HbA1c test in FY1999. Only 3.3% saw an endocrinologist during that period. In FY1999, 33% of patients had an HbA1c <7%, with mean HbA1c value of 7.9 and standard deviation (SD) 1.8. In FY2000, 37% of patients had HbA1c <7% with mean value of 7.8 (SD=1.8). Average time between HbA1c tests was approximately 12 months.
Chronic Illness with Complexity
Nondiabetes Physical Illness Complexity. We found that 13% had cancer, 0.8% had all three diagnoses (gastrointestinal, pulmonary, and musculoskeletal), 8.5% had any two of gastrointestinal, pulmonary, and musculoskeletal diagnoses, 3% had gastrointestinal diagnoses only, 6.6% had pulmonary diagnoses only, and 23% had musculoskeletal diagnoses only. Forty-five percent of the study population did not have any cancer, gastrointestinal, musculoskeletal, or pulmonary diagnoses.
Diabetes-Related Complexity. Forty-four percent had diagnoses of macrovascular complications, 35% had microvascular complications, and 31% were diagnosed with metabolic decompensations. Twenty-nine percent had no microvascular complications, macrovascular complications, or metabolic decompensation.
Mental Illness/Substance Abuse Complexity. Mental illness was diagnosed in 25% of the study population, either alone (19%) or in combination with substance abuse (6%). Seven percent of the study population had a substance abuse diagnosis without mental illness.
Baseline Glycemic Control and Chronic Illness with Complexity. In FY1999 (Table 2) , overall, one third (N=31,267) had optimal glycemic control (HbA1c <7%). Patients with nondiabetes physical illness were more likely to have HbA1c <7% at baseline than those without nondiabetes physical illness. The percentages of VHA users with optimal control ranged from 29% among those without nondiabetes physical illness to 37% among patients with cancer and 39% among those with all three gastrointestinal, musculoskeletal, and pulmonary diagnoses. A similar pattern was seen in the mental illness/substance abuse domain. Slightly more patients with mental illness alone (35%) and both mental illness and substance abuse (34%) had optimal glycemic control compared to those without any mental illness or substance abuse (32%).
On the other hand, we found that a lower proportion of patients with diabetes-related conditions [macrovascular complications (32%), microvascular complications (28%), and metabolic decompensation (26%)] had HbA1c <7% compared to those without these complications (33, 35 , and 36%, respectively).
Logistic regression on optimal glycemic control in FY1999 confirmed the bivariate findings (Table 2) . Patients with any cancer were more likely to have optimal glycemic control than patients without nondiabetes physical illness [adjusted odds ratio (AOR), 1.31; 95% CI (1.25-1.37)]. Similarly, individuals who had gastrointestinal, pulmonary, or musculoskeletal diagnoses, either individually or in combination, were more likely to have optimal glycemic control than those without nondiabetes physical illness. The AORs ranged from 1.12 to 1.56.
Those with mental illness only or both mental illness and substance abuse were more likely to have optimal glycemic control than their counterparts without any mental illness and Longitudinal Optimal Glycemic Control and Chronic Illness with Complexity. We also analyzed the relationship between CIC and optimal glycemic control in FY2000 among those who did not have optimal control in FY1999 (Table 3) . Among those who did not have optimal control in FY1999 (N=64,156), only 20% (N = 13,056) achieved HbA1c <7% in FY2000. In multivariate analysis, except for pulmonary diagnoses, those with nondiabetes physical illness (range of AOR, 1.17-1.34) were more likely to achieve optimal control than those without (P<0.01 for all comparisons). Individuals with only mental illness were slightly more likely to achieve optimal glycemic control (P<0.01).
Patients hospitalized for macrovascular complications were more likely to achieve optimal glycemic control [AOR, 1.41; 95% CI (1.34-1.49)] compared to patients who were not hospitalized. On the other hand, hospitalization for all other conditions was not associated with achieving optimal glycemic control.
Sensitivity Analysis. Using HbA1c <8%, we found generally similar direction and strength of associations between CIC and glycemic control in FY1999 (Table 4) . However, in the longitudinal analyses, the associations between CIC and HbA1c <8% were attenuated; only cancer and musculoskeletal diagnoses were significantly associated with HbA1c <8% (P< 0.001). Within diabetes-related complexity, macrovascular and microvascular conditions remained significantly and negatively associated with HbA1c<8% (P<0.01). There was no significant association between mental illness/substance abuse complexity and HbA1c <8%.
DISCUSSION
Our findings demonstrate that the association between CIC and optimal glycemic control varied by type of complexity. In general, patients with nondiabetes physical or mental illness/ substance abuse complexities were more likely to have and achieve HbA1c <7%. Patients with diabetes-related complications were less likely to have or achieve optimal glycemic control.
There are many plausible explanations for the association between nondiabetes physical illness complexity and achieving HbA1c <7%. For example, nondiabetes physical illnesses may result in improved HbA1c control due to pathophysiologic mechanisms beyond the influence of the healthcare provider, such as involuntary weight loss and anorexia that could result in increased sensitivity to antiglycemic agents. In addition, individuals with chronic diseases may have more contact with the health care system and may be more likely to achieve optimal glycemic control because of closer monitoring and better care coordination. However, in our preliminary and published research on diabetes quality of care measures, controlling for frequency of visits did not alter the findings regarding quality of care. 16, 26 Further research is necessary to understand the clinically relevant associations between nondiabetes illness and glycemic control, their underlying mechanisms, and implications for performance measurement. VHA users with diabetes-related complexity were less likely to be in control either at baseline or at follow-up. In other studies, microvascular complications were associated with both longer duration and poorer control of diabetes, 1,2 both of which may increase the difficulty of achieving HbA1c <7% even with newer insulin preparations. 27 We found that those with mental illness/substance abuse complexity were more likely to have optimal glycemic control. These findings are consistent with studies that suggest that the association is dependent on the selection of the threshold for glycemic control. 16 For example, Frayne et al. 16 reported that when glycemic control was measured at HbA1c>7%, the AOR for mental health conditions fell below 1.0, suggesting better control.
A noteworthy finding of our study is that the associations between CIC and glycemic control vary by HbA1c threshold. In FY2000, both nondiabetes physical illness and mental illness/ substance abuse complexity were more strongly associated with HbA1c <7% than HbA1c <8%. As noted in the concluding paragraph, these findings have policy implications for performance measurement of optimal glycemic control.
Hospitalization for macrovascular complications between the baseline and follow-up HbA1c value was associated with a greater likelihood of achieving HbA1c control relative to no hospitalization, whereas hospitalization for all other conditions was not associated with glycemic control. This finding may reflect the clinically plausible overlap in treatments for acute cardiovascular conditions and diabetes. 28 Strengths of the study include a nationwide population, longitudinal study design, inclusion of ambulatory and inpatient data, and incorporation of multiple disease categories to define CIC. We also acknowledge some limitations of our study. We were unable to explicitly measure the severity of diabetes or other illnesses within disease categories. Because our study population was relatively homogeneous, validation in other populations using clinical data would enhance the generalizability of our findings. In addition, individuals with CIC may have more interactions with the healthcare system and receive better care. We could not test this hypothesis because our CIC categories were defined using the ICD-9-CM codes recorded in administrative data. It is likely that those with more visits have more unique diseases coded and, therefore, are more likely to be classified in CIC categories. Thus, the number of visits may have had an influence on our CIC categorization itself. Although our data are 6-7 years old and there has been a decline in mean HbA1c levels during FY2000 through FY2003, the proportion of individuals with HbA1c <7% did not change (Pogach, personal communication) . Thus, we believe that use of more recent data may not lead to substantially different conclusions.
The varying associations of CIC categories with optimal glycemic control have implications for the validity of using HbA1c <7% threshold as a performance measure for diabetes quality of care. When using HbA1c <7% as a performance measure, appropriate risk adjustment based on CIC may be necessary. In the absence of validated and widely accepted risk adjustment models, 20 our findings highlight the need for developing appropriate risk adjustment models for optimal glycemic control. An alternative approach may be to use HbA1c <8% to measure optimal glycemic control, which is less influenced by CIC categories. In addition, for performance measurement, excluding individuals with clinically dominant conditions such as cancer or who are in their last years of life could be considered. 29 These approaches have been used in performance measurement of other conditions, 30 are consistent with guidelines, [31] [32] [33] and acknowledge the importance of accounting for complexities in diabetes management in patients with CIC rather than considering all patients equivalent for the purpose of performance measurement. Further research is needed to elucidate the mechanisms of these associations to improve performance measurement of optimal glycemic control. Based on VHA clinic users with diabetes as of FY1999, aged under 75 years, enrolled in VHA or Medicare fee-for-service, and alive as of the end of FY2000. FY2000 study population is restricted to those with HbA1c values ≥8% in FY1999. Optimal glycemic control defined as HbA1c values lower than 8%. Logistic regressions include intercepts as well. Other independent variables included in the regressions were: gender, race/ethnicity, age, marital status, priority status, dual VHA/Medicare use, endocrinology visits, and medication use. Additionally, the regression on optimal glycemic control in FY2000 included time and hospitalization between HbA1 tests as controls. HbA1c Glycosylated hemoglobin, SC service-connected, FY fiscal year, VHA Veterans Health Administration, GI gastrointestinal diagnoses, PU pulmonary diagnoses, MS musculoskeletal diagnoses, AOR, adjusted odds ratio, CI confidence interval *0.01eP<0.05 **0.001eP<0.01 ***P<0.001 
